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[57] ABSTRACT 

A hot water heater control device and method for a 
building such as a home will allow the consumer user 
maximum savings with a modest investment by allow 
ing the user to program into a control module a particu 
lar living cycle and assign a desired temperature to each 
of a predetermined number of heating start/stop times 
within the cycle. A means exists for the user to program 
a desired high, medium, low and off temperature into a 
control module. Also, any one of several special condi 
tion modes may be activated as needed in order to pro 
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PROGRAMMABLE HOT WATER HEATER 
CONTROL DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention herein pertains to a device and method 

for economically controlling the temperature of heated 

5 

water in a storage tank to maximize the convenience to 10 
the user while minimizing the energy costs. 

2. Description of the Prior Art and Objectives of the 
Invention 
There are several different electronic hot water 

heater control systems today such as Blank US. Pat. 
No. 4,508,261; Boe Pat. No. 4,568,821; Swindle Pat. No. 
4,467,178; Jones Pat. No. 4,645,908 and others. How 
ever, none of the devices mentioned allow for speci?c 
tailoring of hot water heating cycles of particular indi 
viduals to the degree or versatility needed. 

It is therefore one objective of the present invention 
to provide a relatively inexpensive controlled, program 
mable heating device and method which will operate at 
relatively low cost and will require little modi?cations 
to existing hot water heating systems. 

It is another objective of the present invention to 
provide a hot water heater control device and method 
that is programmable and includes a thermostat panel 
having three independent adjustable controls for low, 
medium and high water temperatures. 

It is another objective of the present invention to 
provide a hot water heater control device which in 
cludes a control panel having a mode switch, a clock 
display and temperature indicator lights. 

It is yet another objective of the present invention to 
provide a method for economically providing heated 
water at various temperatures depending upon the lifes 
tyle of the user whereby a pre-programmed clock is set, 
start/stop times for heating cycles of particular living 
cycles are selected, and temperature modes for the heat 
ing cycles are chosen whereby water temperature is 
maintained in the storage tank in accordance with said 
selections. 

It is still another objective of the present invention to 
provide a hot water temperature control device and 
method which allows for temporarily overriding the 
start/stop times and/or temperatures of the heating 
cycle. 

Various other objectives and advantages of the pres 
ent invention will become apparent to those skilled in 
the art as a more detailed description is presented be 
low. 

SUMMARY OF THE INVENTION 

The present invention includes an electronic control 
module having CPU circuitry, input circuitry and out 
put circuitry. A CPU control panel is joined to the 
control module for programming the circuitry accord 
ing to the temperatures desired for various heating cy 
cles. A mode switch is also provided on the CPU con 
trol panel and the control module is joined to thermo 
stat circuitry which includes a thermostat control panel 
having high, medium, and low temperature selections. 
A temperature sensor/control circuitry is joined to the 
thermostat circuitry which is also connected to an ap 
propriate power supply. 
The operation of the invention provides for an eco 

nomical heated water supply from a conventional hot 
water heater tank during extended periods of time with 
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2 
cycles divided into various heating or temperature 
modes. By setting programmable clock circuitry, and 
selecting start/stop times for various heating cycles 
within a living cycle which may be divided into for 
example, 109 heating cycles, a speci?c water tempera 
ture is selected for each of the heating cycles including 
“off”. At the end of the selected living cycle, which 
may be one (1) week, the heating cycles or periods with 
the previously selected temperatures will automatically 
repeat. The heating cycles with any of the temperatures 
selected can be overridden temporarily as needed. Also, 
a “quick heat” mode will automatically select the high 
thermostat circuitry for a selected period of from one to 
two hours. A bypass mode will allow for bypass of the 
pre-prograrnmed selections and will choose the high 
temperature thermostat circuitry to control the tank 
temperature. A vacation mode will allow one tempera 
ture (hence its corresponding thermostat circuitry) to 
be selected and remain in effect until manually can 
celed. In the usual operating mode the heating elements 
within the water heater are activated as needed to main 
tain the selected temperatures. A blinking LED display 
will indicate a clock “not-set” (hence control module 
not programmed) state after power up. In this state (and 
in case of power interrupt, hence user entered program 
erasure for units without battery backups) the device 
will by default select the high thermostat circuitry to 
control tank ?uid temperature until it is reprogrammed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 demonstrates in schematic block fashion the 
water heater storage tank control device of the present 
invention; 
FIG. 2 illustrates the CPU control panel; 
FIG. 3 details part ofthe CPU circuitry ofthe control 

module; 
FIG. 4 illustrates the remainder of the CPU circuitry 

as seen in FIG. 3 and input circuitry of the control 
module; 
FIG. 5 depicts the output circuitry of the control 

module; 
FIG. 6 shows two (2) embodiments of the thermostat 

control panel; 
FIG. 7 illustrates details of the thermostat circuitry; 
FIG. 8 shows the temperature sensor/control cir 

cuitry; 
FIG. 9 demonstrates a schematic of the overall soft 

ware operation; 
FIG. 10 illustrates in block form the setup software 

program function; 
FIG. 11 depicts a flow diagram of the user input 

program function; 
FIG. 12 shows a schematic of the clock program 

function; and 
FIG. 13 features a flow diagram of the control pro 

gram function. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The preferred form of the apparatus of the invention 
is seen in FIGS. l-8 with the preferred form of the 
thermostat control panel shown at FIG. 6A. The ther 
mostat control panel of FIG. 6A will allow for the 
setting of three different temperatures which can be 
incorporated into specific instructions to control the 
water storage tank heater elements. The user can make 
selections as to the proper low, medium and high tem 
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perature settings based on knowledge of water volume 
requirements and frequency of use for speci?c periods 
during a living cycle which may be for example, a one 
week time period having 109 heating cycles therein. 
The preferred form of the invention includes a control 
module which is joined to a CPU control panel for 
programming the device. The control module includes 
CPU circuitry, input circuitry, and output circuitry 
having thermostat select circuitry. Also joined to the 
control module is thermostat circuitry and a thermostat 
control panel. The temperature sensor/control circuitry 
is connected to the thermostat circuitry and the temper‘ 
ature sensor/control circuitry in turn is joined to a hot 
water storage tank such as an electric resistance water 
storage tank having a pair of heating elements therein. 
A 220 V AC power supply is joined to the hot water 
heater and also to the temperature sensor/control cir 
cuitry. 

DETAILED DESCRIPTION OF THE 
DRAWINGS AND OPERATION OF THE 

INVENTION 

For a more detailed description of the invention and 
its method of operation to provide maximum ?nancial 
savings and desired water heating requirements without 
affecting the lifestyle of the user, turning now to the 
drawings, FIG. 6A shows a multi-slide setting thermo 
stat control panel 40 which includes slidable dial handle 
42 for controlling the high temperature mode, dial han 
dle 43 for controlling the medium temperature mode 
and dial handle 44 for controlling the low temperature 
mode. In the alternate embodiment of the multi-dial 
setting thermostat control panel 41 as shown in FIG. 
6B, rotatable dial handle 45 controls the high tempera 
ture mode, handle 46 the medium temperature mode 
and dial handle 47 the low temperature mode. The low 
temperature mode may be selected for periods of low 
water use or nonuse during times when the outdoor 
temperatures are consistently low such as during win 
ter. A medium temperature mode can be selected for 
periods of moderate water use or for such activities as 
bathing or washing clothes. The selection of the high 
temperature mode is chosen for those periods ofthe day 
when the use warrants such, as for example during a 
morning rush when several people are bathing or for 
times during extensive dish or laundry washings. A 
range of temperatures can be selected for each of the 
modes as seen in FIG. 6A, as the high mode can be as 
low as l10° F. and can approach 180° F. For three 
different modes an infinite variety of temperatures can 
be selected and can be changed simply by manually 
moving dials 42, 43 and 44 as needed, independent of 
the programmed control module 30. 
Only one temperature sensor point in water heater 70 

as shown in FIG. 1 is required which may correspond 
to the location of the upper heating element 71 in a 
conventional electric water heater. 
The thermostats in a conventional (existing) electric 

resistive water heater may be bypassed by a relatively 
simple wiring adjustment technique which may also 
include setting the existing thermostats on such heaters 
to their maximum value. 
The above technique would be similar and less com 

plex on a gas heater since they typically only have one 
temperature sensing point. 
The function of this (electronic) control module 30 is 

defined and determined primarily in terms of the cus 
tomized preprogrammed software resident in the 2716 
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4 
EPROM IC (312, NEC Electronics, Inc., 401 Ellis 
Street, Mountain View, Calif. 94043. others). It is the 
integration of the resident software of the control mod 
ule 30 and this particular combination and configuration 
of hardware components that give this control module 
30 its uniqueness. The major software programs and 
their particular control functions are shown in FIGS. 9 
through 13. 

Part of the CPU circuitry 31 is shown in FIG. 3. 
Integrated circuit (IC) 311 is a Z80 8-bit microprocessor 
available from Zilog, Inc., 210 Hacienda Avenue, 
Campbell, Calif. 95008. (Any ofthe versions of the Z80 
(Z80, Z80-A or ZSO-B) may be used.) IC 312 is a 2716 
UV-erasable programmable read only memory 
(EPROM) available from NEC Electronics, Inc. and 
other manufacturers. This IC 312 stores the custom 
software a part of which is the clock program, part of 
which allows the user to input and store a user program 
(living cycle) and allows user to select one of the special 
function modes (quick heat, vacation), and another part 
being the major control program which executes the 
user entered program. 

Device 313 is a 1 MHz oscillator manufactured by 
SaRonix, Inc., 2479 E. Bayshore Road, Palo Alto, Calif. 
94303. The l K Ohm resistor between its output and the 
+5 volts is only necessary ifthe TTL output version of 
the oscillator is employed. This oscillator 313 provides 
the signal necessary for the IC‘s 311 and 334 to operate. 

IC 314 is a 555 or 7555 timer/oscillator available from 
Intel Corporation, 3065 Bowers Avenue, Santa Clara, 
Calif. 95051. It is connected in the oscillator con?gura 
tion. Its output goes to the non-maskable interrupt (l7, 
NMI) input of the IC 311. 1C 314 generates the signal 
which causes the clock program (FIG. 12) to execute at 
a set frequency. Since this signal is connected to the 
non-maskable interrupt (17, NMI) of the IC 311, the 
clock program (FIG. 12) always executes even when a 
regular interrupt (eg., user input) is being serviced in 
order to keep the time variables of the control module 
30 correct. As currently implemented, IC 314 operates 
at a frequency of 1 Hz, hence the smallest increment of 
time discernable by the control module 30 is one sec 
ond. Thus, the customized clock program (FIG. 12) 
executes once each second updating the various system 
time variables as needed (currently seconds, units and 
tens minutes, units and tens hours, hours-nondisplay, 
AM/PM, and day). Oscillator con?gurations other than 
the 555/7555 type and/or the l-second frequency may 
be employed but the clock program (FIG. 12) must be 
modi?ed to match the frequency of said configuration. 
For the current application, the interrupt of l-second 
was appropriate. INT and NMI as used herein electron 
ically to represent an active low signal. 

Independent gates 315 comprise a quadruple two 
input “OR“ gate IC, such as a 74C32 or 74HC32 (Na 
tional Semiconductor, 2900 Semiconductor Dr., Santa 
Clara, Calif. 95051). The three gates 315 shown in FIG. 
3 decode signals from IC 311 so it may read IC 312. 
The remainder of the CPU circuitry 31 is shown in 

FIG. 4. Two (2) static random access memory (RAM) 
ICs (411, 412) are arranged to give 1 K (1024) addresses 

of 8-bit wide data (versions available from Intel, tional Semiconductor, NEC, TI and others). RAM ICs 

411, 412 store the clock and system variables, provide 
the stack needed by the IC 311, and store the user pro 
grams. The remaining “OR” gate (315) and one-fourth 
of a 74C0l or 74HC01 quadruple two-input "NAND" 
gate IC 413 (National Semiconductor) decode Z80 
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(311) signals so that data may be stored in or retrieved 
from the RAM (411, 412). 

Input circuitry 32 is shown in FIG. 4, also. The most 
important part of the input circuitry 32 is the 74C922 
hexadecimal keyboard encoder 416, (National Semicon 
ductor). The user presses a key on the CPU control 
panel 20, composed of switches or keys (419) and the 
74C922 (416) produces the four-bit binary equivalent. 
The 74C922 (416) noti?es the Z80 (311) that input has 
occurred on the regular (maskable) interrupt line (16, 
INT). Inverter (414), one of six on a 4049 hex inverting 
buffer 1C (National Semiconductor), is necessary be 
cause the 74C922 (416) generates an active-high signal 
when a key is pressed, while the Z80 (311) expects an 
active-low interrupt signal. “OR’” gates (418), part of 
another 74C32/74HC32, and “NAND” gates (413) 
decode Z80 (311) signals so that the data corresponding 
to the key pessed may be read. Device 415, one-fourth 
of a 4066 quadruple analog switch (National Semicon 
ductor), makes an additional 74C922 (416) signal (which 
is high as long as a key is being pressed) available to the 
Z80 (311) when it reads the other data from the 74C922 
(416) (important for the “advance” function). 
The control module output circuitry 33 is shown in 

FIG. 5. The major elements of the output circuitry 33 
are a 74Cl54/74HC154 four-line to sixteen-line deco 
der/demultiplexer (333), a 74C48 four-bit to seven-seg 
ment display decoder (331), and any synchronously 
loadable register, such as the 74Cl6l/74HC161 four-bit 
synchronous binary counter (334). (All three ICs avail 
able from National Semiconductor.) “NAND” gate 
(413) decodes Z80 (311) control signals so that the Z80 
(311) may write data to the 74Cl54/74HC154 (333). 
The 7417 TTL buffers 336, 339, (Texas Instruments, 
Dallas, Tex. 75265) boost the 74Cl54/74HC154 (333) 
output signals so that the 74Cl54/74HC154 (333) can 
control the individual LEDs 335 (many sources). Each 
of the 2N2222 silicon transistors 337 (Motorola Corpo 
ration, 5005 East McDowell Road, Phoenix, Ariz. 
85008) controls one digit of the four-digit, seven-seg 
ment, common-cathode multiplexed LED display 332 
(National Semiconductor, others). The 4049 inverters 
414 (National Semiconductor) allow the 
74Cl54/74HC154 (333) to switch transistors 337 on and 
off (to control the numeric LED display digits 332). 
Thermostat select circuitry 34 is a critical component of 
the output circuitry 33 (FIG. 5). The major element of 
the thermostat select circuitry 34 is register 334. This 
register is loaded by IC 311 with data as to which tem 
perature (hence, which thermostat circuitry 61, 62, 63) 
has been selected for the current time period. Part of the 
output of register 334 are the signals (T80, T51, T52) 
which determine which thermostat circuitry (61, 62, 63) 
currently has control of the water heater or tank 70. 
These output signals (T80, T51, T52) are connected to 
the temperature sensor/control circuitry 60 (FIGS. 7 
and 8) which in general will be different for different 
types and makes of water heaters. The control module 
30 will therefore be independent of the specific heater 
to which it is attached. All of the heater dependence 
will be contained in the thermostat circuitry 50 and/ or 
temperature sensor/control circuitry 60. 

Proper display software is essential for the operation 
of LEDs 332, 335 of the output circuitry 33. Neither the 
74C48 display decoder 331 nor the 74Cl54/74HC154 
decoder/demultiplexer 333 has a register in it, thus 
LEDs 332, 335 stay lit only as long as the 280 (311) is 
writing to the output circuitry 33 (only a few microsec 
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6 
ends each time through the program loop—the actual 
interval will vary with the sub-routine). The display 
portion of the output circuitry 33 is designed such that 
only one digit of numeric display 332 or only one of the 
individual LEDs of the clay and temperature display 
335 can be active or lit at any given instant. It is there 
fore essential that the software resident in EPROM IC 
312 refresh the display often enough such that the 
human eye will not detect blinking and that the proper 
combination of LEDs appear to be “continuously" lit 
for the given conditions. Likewise, control module 30 
software causes time display (211, 212, 213) to “blink” 
when the control module 30 is in a clock “not-set" state 
(hence, unprogrammed) (FIG. 13). 
The regular interrupt service routine or user input 

program (FIG. 11) is the program which allows the user 
to set the clock, enter programs, and select special 
modes. This routine is invoked each time a signal is sent 
to the Z80 (311) via its regular (maskable) interrupt line 
16, (INT). Each time a key on the CPU control panel 20 
(FIG. 2) is pressed, a signal is generated by the 74C922 
(416) which goes to the regular interrupt line 16 (INT) 
of the 280 (311). When the user input program (FIG. 
11) is expecting input data, Z80 (311) continuously 
reads the output of the 74C922 (416) until the proper 
input is received. Holding down the “advance“ key 215 
simply causes this program to increment the appropri 
ate variable (seconds, temperature, etc.). The user input 
program (FIG. 11) simply ignores invalid input (for 
example, trying to do any program entry before setting 
the clock). Since the clock program (FIG. 12) is trig 
gered by set frequency non-maskable interrupt signals, 
it will periodically cause non-noticable (millisecond) 
pauses in the regular interrupt service routine (FIG. 11). 
The customized software of control module 30 oper 

ates by establishing and continually updating and read 
ing certain system “variables". Those variables are: 
seconds, units minutes, tens minutes, units hours, tens 
hours, AM/PM, day. current temperature, hours non 
display, status, and program temperature. The ?rst 
seven of these variables and hours-nondisplay are up 
dated by the non-maskable interrupt service routine 
(FIG. 12). Of these, all but seconds and hours-nondis 
play are of display format meaning that they may be 
written directly to the output circuitry 33 (FIG. 5) and 
will result in the appropriate LEDs (332, 335) being lit. 
The “seconds“ variable is used by the clock program 
(non-maskable interrupt service routine, FIG. 12) as the 
basic unit by which time is kept. Hours-nondisplay is 
merely a convenient way for the various programs to 
interrogate the time. “Current temperature" is also of 
display format. In addition, a simple transformation on 
the upper four bits of the “current temperature” vari‘ 
able allows that data to be used in deciding which ther‘ 
mostat circuitry (61, 62, 63) is to be selected for the 
current time period. 
The “status” variable is used to maintain other infor 

mation necessary for the various control module 30 
programs to function properly. Some of the information 
stored in this variable includes the clock’s status (set or 
not), if the control module 30 has been programmed, if 
a special mode has been selected, and if a program has 
been temporarily over-ridden by a special mode. Fi 
nally, because a user program keeps executing during a 
temporary over-ride by a special mode (although its 
output is ignored by the control program FIG. 13), the 
variable “program temperature“ keeps track of the user 
program’s current thermostat circuitry (61, 62, 63) se 
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lection so that upon special mode termination the previ 
ously chosen temperature control can be restored. 
FIG. 7 (left-hand most part only) represents the ther 

mostat circuitry 50 which control module 30 uses to 
maintain the temperature of the fluid in the tank 70. At 5 
the beginning ofeach temperature cycle control module 
30 selects a thermostat circuitry (61, 62 and 63) based on 
the particular temperature mode setting (low, medium, 
high, off) picked for that time period and “connects” 
the output line (620, 621 and 622) of that thermostat 1O 
circuitry (61, 62, 63) to relay 811 (via transistor 810) 
allowing heating elements 71 and 72 to activate or to 
open gas solenoid (for gas heater) to heat the fluid con 
tained in the tank 70 if the temperature is below that as 
speci?ed on the selected thermostat 614. If a tempera- 15 
ture setting of “off’ is selected for a particular time 
period control module 30 selects no thermostat cir 
cuitry (61, 62, 63) and the heater controls as shown in 
FIG. 8 are not energized. 
One possible realization of temperature sensor/con- 2O 

trol circuitry 60 is shown in FIG. 8. There are three 
LM39ll temperature sensor/controller ICs 611 (Na 
tional Semiconductor) con?gured as controllers. The 
user sets the desired temperature for the high, medium, 
and low thermostats (represented by the SOk-ohm po- 25 
tentiometers, 614). Whenever the temperature of the 
LM391 l’s case 611 goes above the set temperature, its 
output goes negative. Each of the three buffers 612 is 
one sixth of a 4050 hex non-inverting buffer (National 
Semiconductor, others). Buffers 612 convert the higher 30 
voltage (usually 9 v—l5 v) signal of the LM39l l‘s (611) 
to 5 v. Their outputs go to the three remaining 4066 
switches 415 (National Semiconductor). Each 4066 
(415) in FIG. 8 is controlled by register 334 of the out-7 
put circuitry 33 (FIG. 5). The control module’s 30 cus- 35 
tomized software loads register 334 so that it will select 
no more than one 4066 (415) at any given time. The 
selected switch 4066 (415) is thus connected to the NPN 
silicon transistor 810. (The speci?c transistor used will 
depend on relay 811 or other actuator used but may be 40 
a type such as the TIP31, NPN power transistor, 40 W 
power dissipation; or a type such as the TIP3055, NPN 
power transistor, 90 W power dissipation (Texas Instru~ 
ments or Motorola)). When transistor 810 input be 
comes negative (hence, the tank ?uid has reached the 45 
temperature as speci?ed on the selected thermostat 614 
causing the LM391l‘s (611) output to go negative) it 
turns off, thus turning off relay 811 which in turn shuts 
off the heater’s power source (or gas flow). 
As mentioned above, the software decides which 50 

thermostat circuitry 61, 62, 63 is to control the tank 
fluid temperature by turning on the appropriate switch 
415 based on the user program running, the time and 
whether a special mode and temperature has been se 
lected. Ifthe user has selected the “off’ temperature for 55 
the current time slot, then neither thermostat circuitry 
61, 62, 63 is connected to transistor 810 and heater con 
trols 811 are not activated regardless of the outputs of 
any of the LM391 1'5 (611). (All of the switches 415 will 
be “off’). As can also be seen from FIG. 8, when the 60 
bypass mode (FIG. 2, 220) is activated, the heater relay 
811 (or solenoid) is connected directly to the “high” 
thermostat circuitry 61, bypassing each of the 4066 
(415) switches hence bypassing any signals (T50, T51, 
T52) from the control module 30 as to which thermo- 65 
stat circuitry 61, 62, 63 to connect to the heater relay 
811. When the control module 30 is ?rst powered up, 
and/or in an unprogrammed state, by program default it 

8 
automatically selects the “high" thermostat circuitry 61 
(FIG. 13). 
As can be seen from the above discussion, control 

module 30 does not compare or control temperatures. 
By the instructions which have been (control program 
FIG. 13) or which can be (user entered program FIG. 
11) entered into it, it merely decides which thermostat 
circuitry (61, 62, 63, or none) to connect to the heater 
relay 811 (or solenoid). Therefore temperature control 
is maintained by the selected thermostat circuitry (61, 
62, 63) which is completely independent of the control 
module 30 itself thus rendering the control module 30 
completely independent of any particular heater type. 
Whether in an unprogrammed state (as at power up). in 
normal program mode, or one of the special modes the 
control module 30 simply selects a thermostat circuitry 
(61, 62, 63) to maintain control of the fluid temperature 
in the heater or tank 70 based on the particular set of 
instructions in control for that period of time. In an 
unprogrammed state, for the duration of the “quick 
heat" special mode, or when bypass mode is selected, 
the high thermostat circuitry 61 is selected to control 
the fluid temperature in tank 70. 
To operate, the user ?rst manually selects tempera 

ture settings for the three modes as shown in FIG. 6A 
(high, medium and low). When device 10 is connected 
to power supply 80, time display 211 as seen in FIG. 2 
will blink “12:00" and the day of week display 212 will 
indicate “SUN” and the temperature display 213 will 
indicate "high". If unprogrammed, in this state, device 
10 will stay in this “high" mode and the water heater 70 
will constantly maintain the temperature as set by the 
“high“ mode thermostat setting as seen in FIG. 6. To 
program control module 30 as shown in FIG. 1. the 
clock variables (FIG. 12) must be programmed or set to 
the current time before any programming can occur or 
before any of the special functions other than "bypass" 
can be activated. Setting the clock variables will over 
ride or erase any existing program, quick heat, or vaca 
tion mode selection as shown in FIG. 2. The functions 
of quick heat and vacation will cancel each other out if 
one is selected while the other is currently active. 

Setting the clock variables allows the owner to pro 
gram discrete heating start/stop times into control mod 
ule 30. To set clock, ?rst press the clock set key 214. 
This will cause the display (211, 212, 213) to go blank 
momentarily. The following sequence of events is pre 
determined for the convenience of the user. Once the 
clock set key 214 has been pressed, user input program 
(FIG. 11) will allow one to set the correct day. This is 
accomplished by pressing and holding the advance key 
215 until the proper clay indicator 212 LED (Sun- Sat) 
is lighted. Pressing the enter key 216 will store the cur 
rent day and again display 211 will go blank momen 
tarily. At this point, pressing the advance key 215 again 
will automatically advance the hour digits of the clock 
display 211. The PM LED 217 will light for the PM. 
hours. Pressing enter key 216 will store the current hour 
and again display 211 will go blank temporarily. After 
this pressing advance key 215 will allow for the clock 
minutes to be set. Pressing enter key 216 now will auto 
matically terminate the clock set function. Again dis 
play 211 will go blank momentarily. At this point, clock 
set key 214 will have to be pressed again to change or 
reset the clock. Setting the clock stores the appropriate 
values for minutes, hours, hours non-display. A.l\/I., 
P.M., and day. The clock is a customized software pro 
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gram stored in EPROM integrated circuit 312 of con 
trol module 30. 
To obtain maximum bene?t from device 10, the ap 

propriate living cycle of heating start/stop times and a 
selected temperature for each should be programmed. 
This is the major control function of device 10. Pressing 
program key 218 and then enter key 216 starts this func 
tion. Control module 30 will then allow the user to set 
these start/stop times and their associated temperatures 
in the following manner. By pressing the advance key 
215 next (if time unit needs advancing) in the same 
manner as previously mentioned for setting clock, con 
trol module 30 will now allow one to set or accept the 
day, hour and minutes for the start of the ?rst heating 
period. Pressing the enter key 216 between the advanc 
ing of each of the time units (day, hour, minute) stores 
that value and automatically advances one to the next 
function, the same way as mentioned above. 

Performing the above selections sets the start time for 
the ?rst heating period. Pressing the advance key 215 at 
this point will allow one to select the appropriate tem 
perature. This will cause the temperature indicator 
LEDs 213 to be lighted in sequence. There are four 
temperature settings. When no temperature LED 213 is 
lighted, a temperature of ‘*ofi" is in effect. This feature 
will allow the user to specify periods of time during 
which the heater 70 will not normally be energized. 
Pressing the enter key 216 while in the select tempera 
ture mode will accept and store the indicated tempera‘ 
ture (high, medium, low or off) for this ?rst heating 
period. The temperature selected corresponds to the 
appropriate setting as indicated on thermostat control 
panel 40 as pictured in FIG. 6A (or FIG. 6B). After 
enter key 216 is pressed to select a temperature, the 
LED display 213 will remain blank. Pressing enter key 
216 again will allow one to select the start day and time 
for the next heating period and the appropriate tempera 
ture for that heating period. The start of a subsequent 
heating period automatically marks the end of the most 
previous heating period. The programming (and the 
storing of the associated and entered data) of these 
heating start/stop times and their selected temperatures 
is made possible by the user input program (FIG. 11) in 
the same manner as the entering and storing of data for 
setting the clock (parts of the “regular interrupt service 
routine”). 

Repeating the above procedure will allow the owner 
to set up to 109 (as per current embodiment) heating 
start/stop periods in a given, living cycle. A living 
cycle is that period of time de?ned by the programmer 
or owner of the device 10 as that period of time over 
which the programmed instructions repeat, for exam 
ple, for most users that period of time is generally a one 
week period. The present model of the current inven 
tion will accommodate a living cycle speci?ed in terms 
of multiples of a week. This means that a one, two (or 
more) week cycle could be programmed and the pro 
gram would repeat automatically at the end of that time 
period. (In an alternate embodiment of the current de 
vice, a living cycle of other than seven days could be 
programmed into the unit if that were desired). 
When programming is ?nished for the living cycle, 

pressing run key 219 will terminate program instruction 
entry. The user program begins executing control over 
thermostat circuitry selection as soon as it encounters 
the ?rst (or next) heating start time instruction and the 
CPU control panel 20 would re?ect the current operat 
ing conditions of the device 10 (as long as the mode 
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switch 220 is in the normal position) by lighting the 
appropriate LEDs 212 for day, time 211 and tempera 
ture 213. 
The current count of 109 heating start/stop periods in 

a given living cycle merely represents the value for that 
parameter which could be accommodated by the cur 
rent hardware of the present con?guration. This value 
could be increased or decreased depending on the needs 
for a given application. The present value would allow 
the typical user to divide each day (in a one week cycle) 
into 15 heating start/stop periods. If a user wanted to 
program a two week living cycle, then the present em 
bodiment of the invention would allow for up to seven 
heating start/stop times for a given day. 
For the typical family or living unit, hot water re 

quirements follow a predictable pattern of differing 
needs. An example would be the following: the morning 
rush from around 5:30 A.M. until around 7:30 AM. 
(high usage); 7:30 AM. until 3:30 P.M. (medium, low or 
off); 3:30 P.M. until around 5:30 P.M. may represent 
another unique period of different usage; from 5:30 
P.M. until around 11:00 P.M. may represent a period of 
different usage and from then until 5:30 A.M. would be 
a period of low or no usage. That would be for a typical 
workday. Weekends may follow different patterns and 
the versatility of the present invention will allow for a 
different set of instructions to take control for weekend 
periods. Some days may require more heating start/stop 
times than others and that too can be accommodated. 
Within a living cycle, several unique patterns can be 
programmed into the device 10 and they will automati 
cally repeat at the end of the cycle. For the typical 
living unit, ?ve or six unique heating start/stop times 
per day would generally be more than suf?cient. 
Under normal operating conditions unless otherwise 

speci?ed, the control module 30 will display the current 
time via the clock display 211, the current day of the 
week 212, and the active temperature selection for the 
current active heating period 213 (if mode switch 220 is 
in the “normal” position). 

In an alternate embodiment of the present device, a 
view key 230 could allow the owner to page or walk 
through the existing program changing the selected 
temperature as needed to adjust to changing living or 
environmental conditions. An example would be chang 
ing all low temperature selections to off for the warmer 
months and vice versa. 

Additionally, a daylight savings key (231) and corre 
sponding (232) LED could be added to the CPU con 
trol panel 20 to allow for adjustments for switching 
back and forth between daylight and standard time. 
This would also involve a slight change to the clock 
program FIG. 12. 

Also, appropriate circuitry and indicator lights may 
be added to either the CPU control panel 20 or to the 
temperature sensor/control circuitry 60 to indicate a 
hardware error condition such as a non-continuous 
circuit (for electric heaters) or a pilot out condition (gas 
heater) to prevent activating heater controls. 

‘Special mode operation: (Special function settings) 
Provided the user allows a suf?cient window around 

the normal schedule, the versatility of the present in 
vention should adequately cover the needs of the typi 
cal living unit with little or no ongoing attention. How 
ever, for those unanticipated conditions, control mod 
ule 30 has three special modes of operation. 
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For a brief period of unanticipated high usage need. a 
momentary pressing of the quick heat key 221 will tem 
porarily select the “high" setting thermostat circuitry 
61 to control the tank ?uid temperature for a period of 
not less than one and not more than two hours depend 
ing on the exact minute within the hour the 'key is 
pressed (the length of this function could be changed in 
an alternate embodiment of the invention without rep 
resenting a signi?cant functional departure). Pressing 
quick heat key 221 again after it had been pressed and 
before this quick heat cycle is over will just reset the 
quick heat clock the same as if this were the initial acti 
vation of that logic. At the end of the quick heat cycle, 
provided the mode switch 220 is in the normal position, 
the previously programmed instructions will resume 
control of thermostat circuitry selection. 
Another special mode of operation is the bypass 

mode which is activated when the mode switch 220 is 
moved to the bypass position. This mode of operation 
has the effect of “bypassing” the pre-programmed logic 
and selects the “high” thermostat circuitry 61 to control 
the tank fluid temperature and leaves it in that mode 
until the mode switch 220 is moved back to the normal 
setting. At that time, any previously running program 
would automatically resume control of thermostat cir 
cuitry selection. In this mode heater control is the same 
as it is in the unprogrammed state. 
The vacation mode key 222 is another special operat 

ing mode of the control module 30. The purpose of this 
key is to allow the user the convenience of maximum 
savings for any period of nonuse whether it be only 
minutes or several weeks without having to reprogram 
the control module 30. When activated, the vacation 
logic allows one to select (via the advance key 215 as 
previously discussed) one of the four temperatures (in 
cluding off). Pressing enter key 216 after having se 
lected the applicable temperature will give control to 
the vacation logic. The temperature of the ?uid in the 
tank 70 will be maintained continuously by the selected 
thermostat circuitry (61, 62, 63) until vacation logic is 
terminated. This function will allow one to leave water 
heater 70 at the low or off setting for the duration of 
that period of time. 
To end the vacation mode (or quick heat mode before 

it normally cycles off) the program 218 and run keys 
219 must be pressed in that sequence. At that time, 
control will be returned to the previously programmed 
instructions provided the mode switch 220 is in the 
normal setting. The “bypass” and vacation modes of 
operation must be cancelled manually whereas the 
“quick heat” mode of operation may be cancelled 
manually or will automatically cycle off after a prede 
termined period. 

Alternately, additional LEDs may be provided on 
CPU control panel 20 (FIG. 2) which would light up 
for the duration of either of the special modes of quick 
heat or vacation operation or to blink for the duration of 
the bypass mode of operation. 

In the event ofa power loss of signi?cant duration to 
erase any user entered program (including all related 
system variables), the control module 30 will by default 
select the high thermostat circuitry 61 to maintain the 
temperature of the ?uid in water heater 70 as per the 
setting of the high thermostat as seen in FIGS. 6A or 
6B. This will reduce the negative impact of a power 
interrupt/loss on the owner who can reprogram control 
module 30 at the next convenience. 
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In an alternate embodiment of the current device the 

capacity for the device 10 to maintain its programmed 
instructions during a short power loss may optionally be 
provided by a battery backup (not shown). 
These special modes of operation are made possible 

through a combination of both hardware and custom~ 
ized software preprogrammed into the control module 
30. For the duration of any special mode, any previ 
ously entered user program continues to run, but ther 
mostat circuitry selection is taken over by the special 
mode function. 

In the drawings as seen in FIGS. 9-13, FIGv 9 is a 
block diagram of the overall operation of the control 
module 30 software in normal (non-interrupt) situations. 
When the device 10 is powered on, the setup program 
FIG. 10 automatically executes. When the setup pro 
gram FIG. 10 has completed its function, it transfers 
control to the control program FIG. 13 which executes 
continuous control over the device 10. 
The major functions of the setup program (FIG. 10) 

are to define and setup the system variables, the system 
stack area, and the user program area. 

FIG. 13 is a diagram of the major function of the 
control program which executes continuously once it 
receives control from the setup program FIG. 10. As 
can be seen from FIG. 13, the control program ?rst 
checks the system variable “status” to see ifthe control 
module 30 has been programmed. If it has, the control 
program FIG. 13 executes the user program (giving 
priority to any special mode that has been invoked) 
selecting the appropriate thermostat circuitry (61. 62, 
63) to control the heater 70. If the control module 30 
has not been programmed, then it automatically con 
nects the ‘HIGH” thermostat circuitry 61. The control 
program FIG. 13 also continuously refreshes the LED 
displays causing the display to continuously reflect the 
proper display for the conditions in effect for any given 
moment. 

Clock as used herein is a specialized software pro— 
gram (FIG. 12) whereby its purpose is to keep control 
module 30 time variables continuously updated. 
FIG. 11 is a block diagram of the major functional 

elements of the user input program the major function 
of which is to accept, validate, interpret. and act upon 
user entered data. As can be seen from the diagram. the 
control module’s 30 clock has to be set before any user 
program instructions can be processed. 
The illustrations and examples provided herein are 

for explanatory purposes and are not intended to limit 
the scope of the appended claims. 
We claim: 
1. A device for selectively controlling the tempera 

ture of stored water in a tank over extended time peri 
ods, said tank having a heating element, a temperature 
sensing means and a water inlet and outlet, the improve 
ment comprising a programmable control module, said 
control module comprising: 

(a) CPU circuitry 
(b) input circuitry, and 
(0) output circuitry, 

said output circuitry comprising thermostat select cir 
cuitry, said input circuitry and said output circuitry 
connected to said CPU circuitry, and said thermostat 
circuitry connected to said CPU circuitry, said thermo 
stat circuitry comprising a plurality of independent 
thermostat circuits, temperature sensor/control cir~ 
cuitry, said temperature sensor/control circuitry, said 
thermostat circuitry connected to said CPU circuitry, 21 
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thermostat control panel, said thermostat control panel 
connected to adjustable temperature controls, said man 
ually adjustable temperature controls positioned on said 
thermostat control panel, said manually adjustable tem' 
perature controls comprising: 

(1) a high temperature control, 
(2) a medium temperature control, and 
(3) a low temperature control, 

said temperature controls each connected to one of said 
thermostat circuits whereby said stored water will be 
heated to the temperature indicated by said manually 
adjustable control of the selected thermostat circuit as 
determined by said thermostat select circuitry. 

2. A device as claimed in claim 1 and including a 
CPU control panel, said CPU control panel joined to 
said CPU circuitry. 

3. A device as claimed in claim 1 and including a 
power supply. 

4. A device as claimed in claim 1 wherein said CPU 
circuitry comprises: 

(a) processor circuitry, and 
(b) memory circuitry, 

said processor circuitry joined to said memory cir 
cuitry. 

5. A device as claimed in claim 1 wherein said input 
circuitry comprises encoder circuitry. 

6. A device as claimed in claim 1 wherein said output 
circuitry comprises: 

(a) a decoder circuitry, 
(b) an electronic display, and 
(c) thermostat select circuitry, 

said decoder circuitry connected to said electronic dis 
play and said thermostat select circuitry connected to 
said decoder circuitry. 

7. A device as claimed in claim 2 wherein said CPU 
control a mode switch. 

8. A device as claimed in claim 2 wherein said CPU 
control panel includes control keys. 

9. A device as claimed in claim 2 wherein said CPU 
control panel includes a clock display. 

10. A device as claimed in claim 2 wherein said CPU 
control panel includes a day indicator. 

11. A device as claimed in claim 2 wherein said CPU 
control panel includes a temperature indicator. 
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12. A device as claimed in claim 1 wherein said CPU 

circuitry includes a ?rst oscillator. 
13. A device as claimed in claim 12 wherein said CPU 

circuitry includes a second oscillator. 
14. A device as claimed in claim 1 wherein said input 

circuitry includes an encoder circuitry. 
15. A device as claimed in claim 1 wherein said out 

put circuitry includes a decoder circuitry. 
16. A device as claimed in claim 1 wherein said out 

put circuitry includes a register, said thermostat select 
circuitry comprising said register. 

17. A device for selectively controlling the tempera 
ture of stored water in a tank over extended time peri 
ods, said tank having a heating element, a temperature 
sensing means and a water inlet and outlet, the improve 
ment comprising: 

(a) a control module, said control module including: 
(i) CPU circuitry, 
(ii) input circuitry, and 
(iii) output circuitry, 

said output circuitry comprising thermostat select cir 
cuitry, said input and said output circuitry connected to 
said CPU circuitry, 

(b) thermostat circuitry, said thermostat circuitry 
comprising a trio of independent thermostat cir 
cuits, a thermostat control panel, said panel con 
nected to said thermostat circuitry, said thermostat 
panel including a trio of independent manually 
adjustable temperature controls comprising: 
(i) a high temperature control, 
(ii) a medium temperature control, and 
(iii) a low temperature control; 

said temperature controls each connected to one of said 
trio of thermostat circuits. said thermostat circuits re 
sponsive to said temperature sensing means, said ther 
mostat circuitry connected to said control module, and 

(c) temperature sensor/control circuitry, said temper 
ature sensor/control circuitry connected to said 
thermostat circuitry, 

said temperature sensor/control circuitry connected to 
.said water tank whereby water in said tank will be 
maintained at the temperature manually selected in 
accordance with the particular thermostat circuit deter 
mined by said thermostat select circuitry. 

It it * * * 


